This study was focused on plant genomic DNA extraction and sequencing from five commonly used medicinal herbs, namely Impatiens balsamina, Ficus deltoidea, Centella asiatica, Andrographis paniculata and Orthosiphon aristatus. This molecular technique is another highly reliable alternative for plant species identification besides phytochemical profiling. Three cetyl hexadecyltrimethylammonium bromide (CTAB) based methods with slight modification on incubation time, salt content and other additives were used for DNA extraction. The CTAB method of Doyle and Doyle produced higher DNA concentration from I. balsamina, most probably due to the presence of ammonium acetate in the washing buffer and longer incubation time (2 h). The CTAB based method was suitable for A. paniculata because a high DNA concentration of acceptable quality was obtained for all the modified methods. However, O. aristatus was likely to have a lower DNA concentration (33-87 μg/g) and quality, probably due to the high concentration of phenolic compounds, particularly rosmarinic acid. The extracted genomic DNA was effectively amplified by a polymerase chain reaction using a universal primer of internal transcribed spacer (ITS), particularly AB101 and AB102 at the optimum annealing temperature of 48 o C. The DNA sequences were analyzed by phenetic analysis and it was found that they have high similarity with the nucleotide sequences of ITS regions for similar plant species in the GenBank database of the National Center for Biotechnology Information.
Deoxyribonucleic acid (DNA) is an important biochemical component of all living organisms. The DNA sequence of any organism is of great importance for the identity of phenotype and medical study nowadays. This is because it is highly reliable for plant species authentication, in comparison with morphological characterization which is always influenced by environmental factors, and phytochemical determination which is subjected to the establishment of marker compounds. To the best of our knowledge, there are still many herbal plants with unknown marker compounds for species identification.
However, the extraction of DNA with high purity for subsequent molecular analysis is a challenge in genomics for plant matrices. It is known that no single extraction method is applicable for all species because of the presence of contaminants such as RNA (18S and 25S rRNA), polysaccharides and polyphenols from plant samples. Therefore, DNA isolation from plants is usually compromised by excessive contamination by secondary metabolites. This chemotypic heterogeneity usually requires the examination of DNA extraction methods for individual species [1] [2] [3] .
A mixture of extraction buffer consisted of essential components such as strong surfactant for cell lysis, alcohol for DNA precipitation and a high concentration of salt to avoid coprecipitation of polysaccharides is a pre-requisite for the work of DNA extraction from plant tissues. It is well known that the surfactant cetyl trimethylammonium bromide (CTAB) is highly suitable for plant genomic DNA extraction. This surfactant has been proven for its efficiency in DNA extraction by producing a conformational change in DNA from a random coil structure to a compact globule for precipitation [4] .
The amount of DNA is always small and not adequate for further downstream analysis. With the advancement of current analytical tools, DNA can be amplified up to several thousand copies by a polymerase chain reaction using internal transcribed spacer (ITS) primers. The amplified ITS region is a promising DNA sequence for the development of a DNA barcode. The ITS region of nuclear ribosomal DNA (nrDNA) is also one of the useful DNA regions that has become increasingly common in the plant nuclear genome. This is because the region can easily be amplified to many copies [5] .
In the present study, a well-known CTAB based plant genomic DNA extraction technique and its modified methods were used to extract DNA from five selected herbal plants, namely Impatiens balsamina, Ficus deltoidea, Centella asiatica, Andrographis paniculata and Orthosiphon aristatus. The herbs were chosen because of their wide applications as ethno-medicines for the treatment of many diseases; fingernail inflammation (I. balsamina) [6] , cancer (F. deltoidea) [7] , mental disorder (C. asiatica) [8] , liver disease (A. paniculata) [9] and urinary problem (O. aristatus) [10] . The performance of the CTAB method in DNA extraction was also compared with the results from the commercial DNA isolation kit as a reference. The objectives of this study were to investigate the performance of the CTAB based DNA extraction method with some modifications for the selected herbs, and to determine the feasibility of internal transcribed spacer as a universal polymerase chain reaction primer for DNA amplification.
The purity of the DNA could be determined from the ratio of absorbance at 260 nm and 230 nm (A 260 /A 230 ) for possible contaminants such as organic compounds, polysaccharides and chaotropic salts, whereas the ratio of absorbance at 260 nm and 280 nm (A 260 /A 280 ) was used for common contaminants such as proteins and aromatic amino acids [11] . Usually, a value of the ratios between 1.8 and 2.0 is considered as a pure DNA sample [12] . It is also important to note that RNA and residual CTAB have an obscuring absorbance value at 260 nm. Therefore, the secondary parameter for the determination of DNA purity was based on the resolution of agarose gel image. The absence of contaminants in the undigested DNA can produce an intact band on the gel with high resolution. Sometimes, a restriction enzyme is used to evaluate the quality of DNA because only pure DNA can be completely digested by endonucleases.
In this study, young and fresh leaves were chosen for genomic DNA extraction, mainly because of better DNA quality and quantity [2] . The mature leaf was reported to have thicker cell walls and a higher content of endonucleases, polysaccharides and secondary metabolites as impurities during DNA extraction [1] . Secondary metabolites of plants such as tannins and phenols tend to be accumulated as the plants grow. This observation has been explained by previous researchers who reported brown DNA pellets as a result of irreversible oxidation by phenolic compounds from mature leaf samples. It is believed that the disruption caused by polyphenols can be reduced by keeping the samples frozen before DNA extraction [13] . Therefore, young leaf samples were freshly harvested before the experimental works.
DNA was extracted from the selected herbal leaf samples using DNeasy kit and compared with various CTAB methods according to Doyle and Doyle [13] , Japelaghi et al. [11] and a combination of both methods described by Doyle and Doyle [13] and Japelaghi et al. [11] . DNeasy kit uses advanced silica-gel-membrane technology to isolate a high purity of total cellular DNA from plant tissues. This kit is convenient and easy to use as no alcohol precipitation procedure is required. The results of DNA extraction using DNeasy kit could be used as a comparison with the findings from the universal CTAB-based methods.
The CTAB method A has been used since 1990 by many researchers for DNA extraction from plant cells and fungi. After almost twenty years of studies, Japelaghi and his colleagues have improved the method of DNA extraction by increasing the concentration of critical components in the extraction buffer such as natrium chloride, polyvinylpyrrolidone and EDTA, and reducing the extraction time from 2 hours to 30 min. The addition of sodium chloride was not only to facilitate the removal of polysaccharides from co-precipitation with DNA, but also to neutralize the charge on the backbone of nucleic acids to be less hydrophilic for the ease of precipitation under centrifugal force [13] . PVP was used to eliminate polyphenols by forming complexes which could be separated from DNA after centrifugation [14] . Previously, Japelgahi et al. [11] reported that PVP was more effective than PVPP (polyvinylpolypyrrolidone) in the formation of complexes for plant genomic DNA separation. β-Mercaptoethanol, which acts as a strong reducing agent, was added to prevent oxidation of polyphenols, particularly tannins that covalently bind to DNA, causing a browning effect on the DNA pellet [15, 16] . EDTA was used to chelate divalent cations, thereby inhibiting nuclease activity to prevent DNA degradation. Moreover, sodium acetate was added with isopropanol in the CTAB method B to enhance DNA precipitation by increasing the solubility of polysaccharides, thus avoiding their co-precipitation. On the other hand, the CTAB method A uses ammonium acetate in the ethanolic washing buffer to rinse the DNA pellet for excess salt removal. The combination of both methods, which is called the modified CTAB method C in this study, applied a longer extraction time (1.5 hours), as described in the CTAB method A ,and a high concentration of extraction buffer, as described in the CTAB method B. Fig. 1 shows the concentration of DNA extracted from the five herbs using different extraction methods. The secondary y-axis of the figure presents the purity of DNA in terms of the ratio of A 260 /A 280 as solid shapes and the ratio of A 260 /A 230 as unfilled shapes. The concentration of DNA varied among the samples, mainly because of the difference in their chemical compositions. A. paniculata produced the highest DNA concentration from the CTAB methods. The figure also clearly indicates that no single extraction technique is suitable for all the kinds of plant leaves to obtain a high yield of DNA . Even the DNeasy kit could not provide consistent DNA concentration for all herbal leaves, as presented in Fig. 1 . The DNeasy kit was found to be suitable for all leaf samples, except those of O. aristatus. This is considered as a tedious sample for the extraction of DNA with high purity. The samples from O. aristatus might contain a high concentration of plant secondary metabolites. Most probably, the low yield was due to the presence of polysaccharides and polyphenols as contaminants in the samples. Previously, O. aristatus has been reported by many researchers for the existence of phenolic compounds, particularly rosmarinic acid, ranging from 5-30% of total dry leaf weight [17] . The excessive polyphenols might oxidize and bind to the DNA, thus producing a brown DNA pellet. Therefore, the concentration of DNA extracted from O. aristatus was the lowest (< 100 µg/g) of the samples for all the extraction methods. The purity of DNA from O. aristatus was also low because the ratio of A 260 /A 230 was less than one. It is possible that 0.2 % (w/v) of β-mercaptoethanol was not enough to reduce oxidation caused by the high content of polyphenols in O. aristatus samples. This explains why the DNeasy kit also could not produce high purity DNA from O. aristatus based on the low ratio values of A 260 /A 280 and A 260 /A 230 .
Interestingly, the CTAB method A was found to be the most suitable technique for I. balsamina samples. The increase of NaCl, PVP and EDTA concentrations in the extraction buffer of the CTAB method B and C did not significantly improve the performance of DNA extraction. Somehow, the amount of DNA extracted from this CTAB method A might be overestimated as the purity of DNA samples was relatively low; the ratio of A 260 /A 230 was only 1.5. It is known that the purity of DNA is acceptable for subsequent downstream molecular analysis when both ratios of A 260 /A 280 and A 260 /A 230 are higher than 1.8. The ratio of 1.8 is considered as pure DNA, with a minimal level of contaminants.
The modified CTAB method C was unlikely to improve the performance of DNA extraction for all the leaf samples in this study. This is because the method did not increase either the concentration or the purity of DNA extracted from the samples. Overall, the CTAB-based methods produced the highest concentration of DNA from A. paniculata, followed by I. balsamina, C. asiatica, F. deltoidea and O. aristatus. The figure also shows that the contamination due to polysaccharides was higher than that of proteinous contaminants. This is because the ratio of A 260 /A 280 was higher than A 260 /A 230 for all the extraction methods and for all herbal leaf samples. Usually, plant leaf samples contain a high concentration of polysaccharides and polyphenols, but only a low amount of proteins or peptides [18] [19] [20] . The significance of the extraction methods was statistically compared for all herbs, as presented in Table 1 . It was found that the CTAB method A produced the highest DNA concentration from the leaves of I. balsamina, which was significantly different (P < 0.05) from the other methods; DNeasy, and CTAB methods B and C. Lower salt concentration with lower PVP and EDTA in the extraction buffer of CTAB method A was found to be better than CTAB method B and C with higher salt content buffer for the DNA extraction from the soft leaves of I. balsamina. The DNA concentration of A. paniculata also showed a significant difference for the CTAB method B against A, and CTAB method B against C. Higher salt content buffer was found to be better for the DNA extraction from the leaves of A. paniculata, but might degrade some DNA molecules with longer incubation time (1.5 hour), as lower DNA concentration was produced in the CTAB method C. Different salt concentrations have been proven to play an important role affecting the quality of DNA from different types of plant tissues [21] .
Prior to DNA amplification, the 18S rRNA gene was used to amplify the genomic DNA as a control experiment. This housekeeping gene is widely used for endogenous gene expression from plant DNA samples. The presence of the 18S rRNA band indicates good quality genomic DNA for further amplification with a specific gene. In this study, intact bands of 200 bp from all plant samples were observed, thus confirming the quality of DNA for amplification with ITS.
The extracted plant chromosomal DNA samples were analyzed using 1% (w/v) agarose gel electrophoresis. DNA amplification was carried out using non-coding internal transcribed spacer primers. This kind of universal primer is widely used in phylogenic analysis of plant DNA. It was found that the primer pairs of AB101 and AB102 were able to amplify the internal transcribed spacer region of the herbs at 48 o C as the optimum annealing temperature. Clear intact bands of 800 bp were observed, as presented in Fig. 2a . However, ITS5 and ITS4 were unable to amplify C. asiatica successfully. The amplified products of I. balsamina, F deltoidea, A. paniculata and O. aristatus also have low band intensity at approximately 600 bp (Fig. 2b) . Similarly, the performance of ITSdf and ITS-dr is poor to amplify the internal transcribed spacer regions of the herbs. The annealing temperatures were also ranged from 45 to 53 o C. Fig. 2c and 2d show the double band and multiple band for F. deltoidea and O. aristatus, respectively. The optimum annealing temperatures for all primers are tabulated in Table 2 . The amplified DNA samples were further purified to remove primers, nucleotides, enzymes, mineral oil, salts, and other incorporated impurities. The quality of purified DNA was confirmed again through the high resolution of the gel image.
The DNA sequences amplified by the primers were matched with the genomic database available in the webpage of the National Center for Biotechnology Information (NCBI). The results found that the DNA sequences amplified by the primer of AB101 and AB102 matched the genomic DNA of I. balsamina with high score values (> 1000) and high identity percentage (>95%) for all the herbal leaf samples. The match was in line with phenetic analysis using the data sequences generated from all primers (data not shown). AB101 and AB102 were designed from orchid (Orchidaceae), and I. balsamina is the dicots counterpart of orchid [22] , which share common characteristics in terms of their morphology and color [23] . This explains the high similarity of the amplified ITS regions for all the herbs.
In order to determine the dissimilarity of sequenced DNA from the herbs, phenetic analysis was carried out on the amplified DNA using the primer of AB101 and AB102 only. A phenetic tree composed with a nontrivial number of input sequences was constructed using a computational distance-matrix Unweighted Pair Group Method with Arithmetric Mean (UPGMA). It is used to calculate genetic distance from multiple sequence alignments (338 characters). The DNA sequences of similar species to the herbs in the present study were retrieved from GenBank (https://www.ncbi.nlm.nih.gov/genbank/) and aligned to 338 characters for phenetic analysis. Fig. 3 is the phenogram which explains 25% of dissimilarity for the herbs. The low similarity clearly indicates that the herbal plants have low phyletic relationship because they are from different genera and families. A. paniculata has the highest dissimilarity in term of sequenced DNA among the herbs. The sequenced DNA of I. balsamina shows no difference from data deposited in GenBank for the same species. This observation explains the efficiency of AB101 and AB102 in DNA amplification for the five selected herbs. However, the primer of ITS5 and ITS4 did not amplify the extracted DNA effectively, especially for C. asiatica. ITS5 and ITS4 were firstly designed to amplify DNA from mycorrhizal fungi [24] . The sequence of I. balsamina also achieved a 99% match with the available database of the same plant species. This plant has been widely studied by researchers because of its wide application for medical purposes. The DNA sequence of A. paniculata also showed a 100% of match with the DNA sequence of Comanthera jenmanii.
Both A. paniculata and C. jenmanii are shrubby herbs having small, white flowers. The DNA sequence of O. aristatus scored a 94% match with Humulus lupulus, which is also a flowering herbaceous perennial. However, F. deltoidea showed a 75% match with the DNA sequence of Medicago arborea, which is also an evergreen shrub.
The DNA sequence is very useful because it could be used as the barcode for plant species or for variety identification. In the present study, ITS was used as the primer for high quality and PCR amplifiable DNA for herbal plants. This primer has successfully been used by Japanese researchers in downstream experiments using DNA extracted from Ajuga x Mixta (Lamiaceae), Portulaca okinawensis (Portulacaceae), Rhynchotechum brevipedunculatum and R. discolor (Gesreriaceae) [25] [26] [27] . Similarly, Rahmani et al. [28] reported the use of ITS sequence data for phylogenetic analysis of Linaria (Plantaginaceae) species. The ITS region was also selected for amplification in order to differentiate Malaysian pineapple cultivars [29, 30] . Therefore, ITS is a universal primer due to its high success rate for PCR amplification and adequate sequence polymorphism.
The genomic DNA of herbal plants could be extracted by CTABbased methods with good quality for polymerase chain reaction using internal transcribed spacer, particularly the primer pair of AB101 and AB102. This primer was found to produce high resolution of intact bands in agarose gel electrophoresis and adequate DNA concentration for sequencing. The components in the extraction buffer were able to reduce contaminants such as polysaccharides and polyphenols from the DNA pellets for PCR. according to the instructions specified by the manufacturer. DNA extraction was also performed using three modified CTAB methods based on the protocols described by Doyle and Doyle [13] as CTAB method A, Japelaghi et al. [11] as CTAB method B and a combination of both protocols as CTAB method C.
Determination of DNA concentration and purity:
The concentration of DNA was determined using a spectrophotometer (Nanodrop 1000 V3.7, Thermo Fisher Scientific, USA). The purity of DNA was measured by calculating the ratios of absorbance at A 260 /A 230 and A 260 /A 280 .
DNA amplification by polymerase chain reaction:
PCR was carried out to amplify Internal Transcribed Spacer (ITS) from nuclear ribosomal DNA (nrDNA). Three pairs of ITS primers, namely AB101 and AB102, and ITS5 and ITS5, which are universal primers, and ITS-df and ITS-dr, as a degenerate primer, were used for DNA amplification in this study (Figure 4 ). The sequences of the primers and their melting temperatures are listed in Table 3 . Prior to PCR, housekeeping gene primers (18S) were used to determine the quality of DNA. Distilled water was used as a negative control. DNA amplification was carried out using the primer pairs in the solution (25 µL) consisted of 5x Go Taq Flexi reaction buffer (5 µL), 10 µM of each forward and reverse primer (0.5 µL), 10 mM PCR Nucleotide Mix (0.5 µL), 5 µL Go Taq DNA polymerase (0.13 µL), template DNA (1 µL), magnesium chloride (2.5 µL) and distilled water (14.87 µL). The amplification was carried out in a Gradient Mastercycler 5332 (Eppendorf, Milan, Italy) under the conditions of initial denaturation at 94 o C for 2 min, 35 cycles of denaturation at 94 o C for 50 sec, annealing temperature from 45 to 55 o C for 1 min, extension at 72 o C for 30 sec, and a final extension at 72 o C for 7 min.
